Introduction
The eruption of Mt. Pinatubo on June 15, 1991, was possibly the most sulfur-rich of this century, putting about 20 Mt of SO2 into the stratosphere [Bluth et at., 1991] . Although conventional wisdom holds that volcanic aerosols produce cooling at the surface due to reduction of incoming solar radiation (and indeed that effect is to be expected on a global average on a two-to three-year time scale [Robock, 1991] ), the winter of 1991-92 was extremely warm over North American and Eurasian midlatitudes, and very cold in the Middle East. Here we present evidence that this pattern of warming and cooling was due to the volcano. An indirect dynamical mechanism in which stronger zonal winds are produced by an enhanced poleto-equator temperature gradient in the lower stratosphere caused by aerosol heating is responsible.
It was first suggested by Groisman [1985] from absorption of solar radiation by the volcanic aerosol. The stratospheric wind anomaly propagated down into the troposphere producing the patterns found. In the lower latitudes, the direct effect of reducing the solar flux resulted in cooling. However, in the high latitudes, due to the weak solar insolation, the dynamical effect dominated producing warming.
In an attempt to comprehensively examine the winter surface temperature response to volcanoes, and to explain and reconcile the above results, this study looks at the response of NH-winter-average surface temperature following each large volcanic eruption since 1883. We examined the global surface temperature patterns and corrected for the ENSO signal.. We chose to start the study in this year because before this time the global surface temperature data set has such a sparse distribution that it is too difficult to discern a pattern. We first explain how we chose the volcanoes, and then describe the surface temperature data and how they were analyzed. for several years. These effects can be regional for a few months following the eruption while the aerosol cloud is inhomogeneous, but in less than a year the cloud becomes fairly uniformly distributed and produces no discernible regional forcing, with one exception. In the winter, the winter hemisphere has very little insolation, so the stratospheric warming is confined to the tropics and the summer hemisphere. Hence the only spatially-varying forcing is an enhanced pole-to-equator temperature gradient in the winter hemisphere. The aerosol cloud from tropical eruptions appears in the tropical stratosphere within mont2ns, but takes on the order of a year to reach the tropics from mid-and high latitude eruptions.
In order to decide which volcanoes to use, we examined the dust veil index (DVI) [Lamb, 1970 [Lamb, , 1977 [Lamb, , 1983 In order to remove the influence of long-term variations, including the warming observed from the beginning of the record to the end, we used a high-pass Lanczos filter [Duchon, 1979 ] to remove variations with a time-scale greater than 10 years at each grid point. We also wanted to remove the ENSO signal, and so, by correlating temperature anomalies with the standardized Southern Oscillation Index [Chen, 1982 The winter warming in certain locations and globalaverage cooling that lasts for several years are characteristic features of the climatic system response to volcanic eruptions that must be considered when interpreting the climatic record. In order to understand the response to ENSO events and greenhouse wanting these patterns must be taken into account.
